Actively warming patients during surgery is considered the best method of preventing inadvertent hypothermia. In order to investigate the effect of forced air warming on postoperative oxygen consumption, we studied 26 patients undergoing orthopaedic surgery using a prospective, randomized trial design. We measured oxygen consumption, carbon dioxide production, temperature, thermal comfort and pain scores. Apart from intraoperative temperature, there were no significant differences in these measurements between the two groups. This study demonstrated the gradual heat gain and also the potential for hyperthermia from pre-and intraoperative forced air warming. We conclude that forced air warming is not necessary for moderate duration non-body-cavity surgery if effective preinduction covering of patients and minimal surgical exposure is achieved.
Both unintentional and deliberate intraoperative hypothermia are recognized as being associated with postoperative morbidity and mortality [1] [2] [3] . The metabolic stress of physiological rewarming after mild to moderate hypothermia is also well documented [3] [4] [5] . Postoperative shivering contributes significantly to increased metabolic demand in the early postoperative period. The aetiology of postoperative shivering remains contentious but probably includes intraoperative hypothermia 6 . Significantly elevated postoperative oxygen consumption (VO 2 ) and associated shivering occur frequently following general anaesthesia [3] [4] . Increased metabolic work, manifested by increased VO 2 and carbon dioxide production (VCO 2 ), may contribute to morbidity and mortality by its additional cardiorespiratory demand on patients in the postoperative period during physiological rewarming following inadvertent or deliberate hypothermia 7 . Many patients recall their worst memory of surgery as being cold in the recovery room, hence the maintenance of thermal comfort is also important 1 .
Forced air warming is considered to be the most efficient method of perioperative warming [8] [9] [10] [11] [12] [13] . We therefore examined the effect of perioperative forced air warming in the prevention of perioperative hypothermia and its impact on postoperative VO 2 , as a marker of postoperative metabolic stress.
MATERIALS AND METHODS
We conducted a prospective, randomized, controlled study to evaluate forced air warming with respect to 1. its effect on postoperative VO 2 and VCO 2 , 2. its effect on shivering, 3. its efficiency as a warming method in the prevention of intra-and postoperative hypothermia.
After approval by our Hospital Ethics Committee on Human Research we recruited 30 adult patients scheduled to have elective lower limb orthopaedic surgery of anticipated duration beyond 60 minutes. A sample size of calculation based upon available data on VO 2 and VCO 2 following general anaesthesia [3] [4] suggested that we required eleven patients in each group in order to detect a difference in postoperative VO 2 of at least 20% between a warmed and a control group. We believe this level of change in VO 2 to be clinically relevant. We recruited a further eight patients to allow for withdrawals, or unexpected exclusions. Patients were randomized to either a treatment group (to receive Bair Hugger™ forced air warming applied to the upper body and upper limbs) or a control group (covered with two layers of cotton blankets to a corresponding surface area). In both groups, after upper body blanket preparation, the rest of the body was covered by two layers of cotton blankets prior to surgery. During surgery, the treatment group continued to receive forced air warming and the control group remained covered with the same cotton blankets as preoperatively. In both groups body exposure was kept to the minimum necessary for surgery. Prior to induction of anaesthesia, treatment group patients were prewarmed (forced air) for at least 30 minutes, the minimum time period for effective prewarming 14 . Control group patients were simply covered for at least 30 minutes. Baseline measures of tympanic temperature (Genius "first temp" Sherwood IMS), VO 2 and VCO 2 (Datex Deltatrac II™ metabolic cart-closed canopy set) were taken immediately after arrival in the operating suite. Patient temperature was recorded intraoperatively and postoperatively. VO 2 and VCO 2 measurements were repeated at 20 and 40 minutes after arrival in the recovery room. Measurements of VO 2 and VCO 2 were taken as an average over three measurements (the metabolic cart's artefact suppression algorithm filtering out spurious readings). Occurrence and duration of shivering, together with a visual analog scale of thermal comfort and pain were also recorded in the recovery room.
All patients received relaxant general anaesthesia and endotracheal intubation. All intravenous fluids were warmed via a warming coil (heated water bath type). Anaesthetic fresh gas flow was limited to 1.5 l/min with a heat and moisture exchanger (HME) in the breathing circuit. Operating room temperature remained at 18 to 19°C (standard for our operating theatres). At the end of the procedure, forced air warming was ceased and all patients were simply covered with two fresh cotton blankets (not preheated). No additional warming was used in the recovery room. To protect against hyperthermia, if patients in the treatment group recorded temperatures greater than 38°C, the warmer would be turned off to allow temperature to passively normalize.
Patients were excluded from the study if ASA status was 4 or greater, age less than 18 or greater than 75 years, intercurrent febrile illness, temperature greater than 38°C on arrival in the operating suite, or active thyroid disease, allergy to the anaesthetic agents to be used or documented history of family history of malignant hyperthermia and emergency surgery.
Due to the obvious warmth generated by the Bair-hugger™ during use, blinding was not possible and so we stipulated objective outcome measurement in our study. Statistical analysis of VO 2 and VCO 2 were made using Student's unpaired t test. Visual analog scales of thermal comfort and pain were compared using Mann-Whitney u test. Temperature in both groups was compared using repeated measures ANOVA. Statistical significance was assumed if P<0.05.
RESULTS
A total of 26 patients completed the study. There were 14 patients in the treatment (FAW) group and 12 in the control group. Four patients withdrew from the study during baseline measurements complaining of claustrophobia due to the clear plastic closed canopy placed over their heads required for measurements using the Datex Deltatrac™ metabolic cart. The demographic characteristics, duration of surgery, starting temperature, prewarming times, type of surgery, and anaesthesia risk of the groups was similar ( Table 1 ). Postoperative temperature, thermal comfort and pain scores were similar (Tables 2, 3 and 4). Comparison of VO 2 and VCO 2 measurements showed there were no significant differences in the postoperative values between the treatment and control groups. Although there were consistently higher VO 2 and VCO 2 measurements in the treatment group throughout all measurements (Tables 5 and 6), this was not statistically significant.
There was significant heat gain after 80 minutes in the forced air warming group (Figure 1) . Temperature was initially maintained in the control group, but there was a trend to hypothermia after 80 minutes. Postoperatively, the treatment group arrived in the recovery room slightly warmer ( Table 2) , but the control group soon warmed, resulting in no significant temperature difference between the groups after 20 minutes and importantly no difference in VO 2 . Only one patient in each group shivered, both of brief duration.
Four patients receiving forced air warming developed a temperature of more than 38.0°C. In three patients it was associated with profuse sweating (no other signs suggestive of haemodynamic instability, light anaesthesia or discomfort), the temperature returning to normal when forced air warming was ceased. Sweating ceased in all three patients when the temperature returned to normal. The remaining patient in the forced air warming group became febrile during a prolonged procedure whilst receiving a blood transfusion. No patient in the control group was febrile.
DISCUSSION
Adverse effects of inadvertent intraoperative hypothermia including postoperative myocardial ischaemia, slow recovery from anaesthesia and poor wound healing are recognized [1] [2] [3] 7, 15 . There are also a number of different methods of preventing or treating hypothermia. Forced air warming is considered the best method of maintaining normothermia and warming hypothermic patients [8] [9] [10] [11] [12] . Patients experiencing mild to moderate hypothermia (core temperature 33.5 to 35°C) are warmed as rapidly by forced air warming as by shivering 16 .
Significantly elevated postoperative VO 2 and associated shivering occur frequently following general anaesthesia 3, 4 . It has not been demonstrated whether actively warming patients compared with simply covering them would alter these outcomes. Recently Frank and co-workers demonstrated an association between inadvertent mild intraoperative hypothermia and postoperative myocardial ischaemia 2 . The proposed mechanism was an elevated cardiorespiratory demand during physiological rewarming. Our study was designed to test whether forced air warming would reduce cardiorespiratory demand as measured by VO 2 and VCO 2 .
In our sample of orthopaedic patients, the forced air warming group experienced a net heat gain over 60 to 80 minutes, but did not have a significantly reduced VO 2 postoperatively compared to the control group. Postoperative VO 2 is determined by several factors including overcoming hypothermia, shivering and the physiological stress of pain. Shivering is associated with the largest rises in postoperative VO 2 1, 3 . We believe the lack of shivering in both groups, in particular the control group, is the major contributing factor in the inability to detect a difference between the groups. This is most likely due to the lack of hypothermia in the control group. 269 
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Patients undergoing non-body-cavity surgery have been shown to experience a fall in mean body temperature of 0.3°C per hour in operating rooms with an ambient temperature of less than 21°C 17 . That the control group became only minimally hypothermic (lowest mean temperature 35.9°C at 140 minutes following induction of anaesthesia) was an unexpected result in our relatively cool operating theatres. Covering patients and prevention of unnecessary exposure had a significant impact on early intraoperative temperature maintenance. The control group did not experience early core hypothermia, the consequence of redistribution of blood flow from core to a relatively cool periphery, usually following induction of general anaesthesia and resulting in an average 0.5 to 1.5°C fall in core temperature over the first hour of anaesthesia 15 . We believe this was the major reason for the lack of hypothermia, maintaining mean body temperature above the shivering threshold.
Whilst forced air warming ensured slightly higher core temperature upon patient arrival in the recovery room, there was no significant difference between the two groups after 20 minutes following recovery from anaesthesia. This reflects the control group not becoming significantly hypothermic and suggests an equivalent return of thermoregulation in both groups following cessation of general anaesthesia.
Our inability to demonstrate a significant difference between the groups may be due to a larger than anticipated variation in postoperative VO 2 or a smaller than expected effect size. Our sample size was determined by using published data regarding the incidence of shivering and the degree of postoperative elevation in VO 2 following general anaesthesia and mild intraoperative hypothermia 3, 4 . Recently it has been suggested that in patients over 60 years old there is only a modest increase in VO 2 associated with a low incidence of shivering after mild to moderate intraoperative hypothermia and general anaesthesia 18 . Our study population (mean age 50 years) included nine (four treatment, five control) patients over 60 years. A different study population such as patients subjected to body-cavity surgery who experience greater intraoperative heat loss may have accentuated the forced air warming control group differences and yielded a positive result. We also employed other techniques to minimize heat loss (HME, modest fresh gas flows and warmed intravenous fluids) which were not necessarily utilized in previous studies 3 .
The trend to falling body temperature in the control group during procedures in excess of 80 minutes is consistent with a trend to falling temperatures in relatively cool operating rooms 17 . Forced air warming in our study population resulted in a net heat gain over the first 60 to 80 minutes following induction of anaesthesia (Figure 1 ), attesting to the clinical effectiveness of forced air warming, provided it is applied over a period of time (e.g. one hour) 12, 19 .
Simultaneous active warming and general anaesthesia can result in inadvertent hyperthermia, causing burns and metabolic stress, as VO 2 is also directly related to mean body temperature (in the absence of other factors such as shivering, activity or pain) 18 . Hyperthermia occurs because of the widening of the interthreshold range for thermoregulatory response during general anaesthesia, so that not only is the threshold for response to hypothermia depressed, but the threshold of defence against hyperthermia is also elevated 1 . Core temperatures may reach 38°C before sweating is triggered in the normal person under general anaesthesia 1 . The amount of heat gained with forced air warning resulted in some of our patients becoming hyperthermic (three of 14). Forced air warming is the likely cause as all these patients returned to normothermia upon cessation of active warming. This is also supported by the apparent elevation of VO 2 and VCO 2 in the treatment group, as baseline measurements were taken during the thirty-minute preinduction warming/covering period.
CONCLUSION
In orthopaedic patients having hip and lower limb procedures we can conclude that keeping patients covered with blankets for at least thirty minutes prior to induction of anaesthesia, with exposure kept to a minimum, keeps core temperatures consistently near normal. This is probably due to effective prevention of redistribution hypothermia by avoiding peripheral cooling and vasoconstriction whilst waiting for surgery. Where a fall in temperature did occur (in procedures of more than 120 minutes duration), this was quite modest and patients were able to compensate for this in the early postoperative period without a significant increase in the incidence of shivering or elevation in VO 2 compared with an actively warmed group. This had a significant impact on our study. The lack of hypothermia meant our control group did not develop the increased metabolic rate and shivering response in the expected manner. Forced air warming was shown to be an effective method of warming, but close temperature monitoring is required in the setting of general anaesthesia as patients have reduced defences against hyperthermia as demonstrated by the significant hyperthermia in three of our treatment group patients. We recommend regular temperature monitoring when using forced air warming especially in operations lasting more than 60 minutes.
In view of these findings, it may be pertinent in future to conduct this study without prewarming or design a study to measure a smaller postoperative difference in VO 2 . We are unable to justify the routine use of forced air warming in our group of patients if they are kept well covered, minimizing exposure. This is our standard management for this group of patients at our institution. Forced air warming is a useful tool to rescue the patient who has not been prewarmed or covered, or who faces prolonged surgery of over 80 minutes duration. We recommend using the simple, inexpensive measure of covering patients with readily available cotton blankets for a minimum of 30 minutes prior to induction of anaesthesia and ensuring they are not unnecessarily exposed during surgery.
